Purpose Type 2 diabetes mellitus (T2DM) prevalence has increased dramatically in the United States since the early 1970s. Though T2DM is known to be associated with colorectal cancer (CRC), information on racial differences in the relationship between T2DM and CRC is limited. Methods Using a retrospective cohort design, we compared the association between T2DM and CRC, including subsites of the colon, in African Americans (AAs) and European Americans (EAs) in South Carolina, a region with large racial disparities in rates of both diseases. A total of 91,836 individuals who were C30 years old on 1 January 1990 and had C12 months of South Carolina Medicaid eligibility between 1 January 1990 and 31 December 1995 were included in the analyses. Cancer data from 1996 to 2007 included information on anatomic subsite.
Introduction
Type 2 diabetes mellitus (T2DM) is a large and growing public health concern in the US [1] . T2DM has been linked to a variety of other conditions that are important causes of disability and death [2] . Colorectal cancer (CRC) and cancers of the colon in particular represent a serious public health concern [3, 4] and have been linked to DM (type 1 or type 2) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Though it is known that both T2DM and CRC disproportionately affect African Americans (AAs), the relationship between the two has not been extensively explored with respect to race. AAs in South Carolina, who are concentrated in rural areas (where they account for over 40 % of all residents), are generally economically deprived relative to European Americans (EAs) [16, 17] , and rates of DM tend to be higher among the poor [18, 19] .
CRC is the fourth most commonly diagnosed cancer in South Carolina [20] . Although the state's CRC incidence rate is slightly lower than the US national average, at 47.0 per 100,000 among men and 36.8 per 100,000 among women (vs. 51.6 and 38.7, respectively, for the nation as a whole in the most recent data) [20] , rates among AAs in South Carolina (47.2 per 100,000) are higher than in EAs (39.6 per 100,000) [20, 21] . CRC risk may be influenced by genetic and environmental factors [22] . Non-modifiable risk factors for CRC include age and a family history of the disease [21] . Modifiable risk factors include obesity, smoking, lack of physical activity, and certain aspects of diet [23, 24] . Markers of inflammation that also are well known to be related to each of these other factors are strongly associated with T2DM, which in turn has been shown to be associated with increased risk of CRC [25] [26] [27] .
Consistent with an association between inflammation and cancer, a number of studies have observed an association between T2DM, a condition marked by increased inflammation, and CRC [5, 6, 10, 11] , including among AAs in the Multiethnic Cohort [28] . In the United States, the prevalence of T2DM dramatically increased from the early 1970s to 2004. Data from the National Health and Nutrition Examination Survey (NHANES) show that the prevalence of T2DM during 1999-2004 was highest in AAs (13.8 %), intermediate in Mexican Americans (13.2 %), and lowest in EAs (7.8 %) [1] . Of equally great concern, the increases in diagnosed and undiagnosed T2DM during this period have been over 200 % in AAs (206.7 %) and Mexican Americans (288.2 %) versus 169 % in EAs [1] . Using data from the Behavioral Risk Factor Surveillance System (BRFSS), the prevalence of DM in South Carolina in 2009 was &10.3 % [29] . This self-reported information is likely to underestimate the prevalence of DM because about one-third of individuals with DM are unaware that they have the disease [30] .
Overall, it appears that T2DM is associated with the risk of CRC, but studies are inconsistent on the association between T2DM and risk of cancer at specific subsites of the colon and rectum. Also, there is limited information on the association in different racial groups in the United States, especially comparing AAs and EAs [28, 31] . Accordingly, this study was designed to assess the association between T2DM and CRC and subsites of the colon and rectum among EAs and AAs in South Carolina.
Methods

Study design and sample
We created a retrospective cohort to examine the relationship between T2DM and CRC incidence. The sample included individuals C30 years old as of 1 January 1990 with C12 months of South Carolina Medicaid eligibility between 1 January 1990 and 31 December 1995. The sample was limited to individuals with Medicaid because T2DM diagnosis from claims information is a good proxy for T2DM status and because this sample would only include individuals who were income eligible, thus reducing the influence of economic status, a common confounder in racial comparisons. Because our focus was on T2DM, and in order to establish the temporality of the associations, subjects were excluded if they had a diagnosis of type 1 DM (which is etiologically distinct from T2DM) or CRC during this 6-year period. In our sample, 50.6 % (n = 109,971) of individuals with Medicaid eligibility in this time period (without type 1 DM or CRC, and C30 years of age) had C12 months of Medicaid eligibility. The study sample was then limited to individuals of EA or AA race, with known sex and marital status (which excluded an additional 18,135 individuals). The sample from Medicaid was then linked with CRC data from the South Carolina Central Cancer Registry (SCCCR) using probabilistic matching techniques. Funded by the National Program of Cancer Registries in the CDC Division of Cancer Prevention and Control, the SCCCR exceeds the NPCR National Data Quality and Completeness standards, consistently receiving a ''gold'' rating for completeness and timeliness. Data were linked by first name, last name, middle name (if provided), date of birth, SSN (if provided), and Medicaid number (if provided). Individuals with a CRC diagnosis from 1996 to 2007, as described below, were classified as cases, while all other individuals in this sample were used as the comparison group in analyses. CRC classification CRC status was obtained from the SCCCR. CRC status was available from 1 January 1996 to 31 December 2007 and was determined using the International Classification of Diseases for Oncology Third Revision (ICD-O-3) codes. Overall, CRC and CRC subsites were defined using the following ICD-O-3 codes: total CRC using C18.0-C18.9, C19.9, C20.9, and C26.0; colon cancer using C18.0-C18.9 and C26.0; proximal colon cancer using C18.0-C18.5; distal colon cancer using C18.6 and C18.7; and rectal cancer using C19.9 and C20.9. SEER summary staging was used to further classify CRC cases into three groups. SEER summary stage groups were defined as follows: (1) local or in situ, (2) regional spread to adjacent organs or regional nodes, and (3) spread beyond adjacent organs or regional nodes.
Type 2 diabetes mellitus (T2DM) classification T2DM was assigned using ICD-9 codes from Medicaid records. Individuals with ICD-9 codes 250 with a fifth digit value of 0 and two were classified as having T2DM. Individuals were classified as having T2DM if the ICD-9 code appeared at least one time on their record between 1 January 1990 and 31 December 1995.
Covariate classification
Age, in years, was determined as of 1 January 1990 from the Medicaid records. Data on sex and race also were obtained from Medicaid files. Marital status was obtained from Medicaid records and assigned as (1) married or (2) single, separated, divorced, and widowed. Hypertension status was obtained from Medicaid data using ICD-9 codes 401.0-405.99. In instances where sex and race status differed between SCCCR and Medicaid, the individuals were assigned values from the SCCCR. Before exclusion criteria were imposed, 251 (12.9 %) and 40 (2 %) out of 1,952 cancer cases that linked to Medicaid records had discrepancies in race and sex, respectively. The decision to use SCCCR to establish sex and race when differences existed was based on the more rigorous data abstraction and management methods of the cancer registry.
Statistical analyses
Descriptive statistics of categorical potential risk factors by CRC status were assessed using v 2 tests. Characteristics measured on continuous scales were assessed using twosample t tests. To assess the association between T2DM and total CRC (and subsites), odds ratios (OR) were obtained from the full cohort using logistic regression analysis. To assess the association between T2DM and SEER summary stages of CRC (and subsites), multinomial logistic regression was carried out. All models controlled for sex, race, age, marital status, hypertension, and number of months Medicaid eligibility between 1 January 1990 and 31 December 1995. All analyses were stratified by race as was decided a priori. All analyses were performed using SAS Ò version 9.2 (SAS Institute, Cary, NC, USA).
Results
Compared to CRC-free individuals, a higher proportion of CRC cases had T2DM and hypertension (Table 1) . Also, CRC cases had significantly less Medicaid eligibility time. Table 2 shows ORs for CRC and subsites of the colon and rectum comparing those with T2DM versus those without T2DM. Overall, individuals with T2DM were &1.5 times more likely to be diagnosed with colon cancer, and the effect was more pronounced for cancer of the proximal (right) colon and appeared to be higher in AAs both for colon cancer overall (OR = 1.72 or 72 % higher) and for proximal colon cancers (OR = 1.77 or 77 % higher), compared to no effect in EAs. Similar associations were observed for distal colon cancer, though results were not statistically significant when adjusted for covariates. Although the interaction term for race and T2DM was not statistically significant for total CRC and subsites of the colon and rectum, stratification by race was based on an a priori hypothesis. Presentation of stratified findings (Table 2 ) allows for the examination of the specific group effects which may be driving the overall association. For both overall colon and proximal colon cancer, a significantly increased likelihood of cancer among individuals with T2DM was observed in AAs but not EAs. In addition, analyses revealed that individuals with T2DM were significantly less likely to be diagnosed with rectal cancer in the pooled analyses. However, confidence intervals were wide, indicating lack of precision around these estimates. Power calculations revealed the effect size (OR) needed for 80 % power are as follows: all CRC C 1.5, CRC stratified C1.7, colon cancer C1.6, colon cancer stratified C1.8, proximal colon cancer C1.8, proximal colon cancer stratified C2.0, distal colon cancer C2.0, distal colon cancer stratified C2.0, rectal cancer C2.0, and rectal cancer stratified C2.0. Table 3 shows the results from the multinomial logistic regression, which accounted for disease stage. Individuals with T2DM were significantly more likely to be diagnosed with in situ or local CRC, colon cancer, proximal colon cancer, and distal colon cancer. ORs were higher in AAs, while ORs among EAs were lower and not statistically significant. There were no significant associations when examining T2DM and regional CRC or CRC that spread beyond adjacent organs.
Discussion
Results from this study suggest a significant increased likelihood of CRC, especially proximal colon cancer, among AA type 2 diabetics, but not EAs, in South Carolina. When comparing groupings of SEER summary stage CRC to those without CRC, type 2 diabetics had at an increased likelihood for in situ or localized cancer, but not CRC that spread into, or beyond, adjacent organs. Estimates for in situ or localized cancer were largest for AAs. Similar increased likelihood of in situ and local cancer was A meta-analysis carried out in 2005 assessing the association between DM and CRC found an overall increase in risk of 30 % (RR = 1.3; 95 % confidence interval = 1.2-1.4) among individuals with DM compared to non-diabetics, with no difference observed between colon and rectal cancer or subsites of the colon [9] . Since 2005, a number of epidemiologic studies have corroborated these results, but with some variations in the association between T2DM and subsites of the colon and the rectum. Limburg et al. [11] found that the standardized incidence ratio (SIR) of CRC was significantly elevated among T2DM patients (SIR = 1.39), but seemed to be confined to men (SIR = 1.67). Another study published in 2006 also found a significantly increased risk of CRC among diabetics (RR = 1.39) [5] .
T2DM appears to be associated with the risk of total CRC, but studies are inconsistent on the association between T2DM and risk of cancer among subsites of the colon and rectum [6, 8-10, 12, 15] . Results from previous studies looking at subsites of the colon are limited. Our study revealed a significant increased likelihood of proximal colon cancer and a nonsignificant increased likelihood of distal colon cancer among type 2 diabetics. Flood et al.
[6] found a significant increased risk of distal colon and rectal cancer, but not proximal colon cancer among women. In a Swedish male population, T2DM was associated with a significantly increased risk of total CRC, colon cancer, and rectal cancer. However, when results examined proximal and distal cancer separately, the increased risks were not statistically significant [9] .
We observed an increased likelihood of colon cancer, but a decreased likelihood of rectal cancer among type 2 diabetics. It has been known for over a quarter century that rectal and colon cancers have different etiologies [32] [33] [34] [35] ; so, it should not be too surprising to have heterogeneity in the results. Because rectal cancers are rarer than colon cancers, the confidence limits are wider and concomitant ability to draw inferences from the data tend to be more limited for rectal cancer. Similar to our results, Sturmer et al. [15] found DM to be associated with a significantly increased risk of CRC (hazard ratio = 1.5), with a stronger association between DM and colon cancer and a weaker association between DM and rectal cancer. A prospective study in Norway found a significant association between DM and colon cancer, but not rectal cancer [12] . In a Japanese study, there was a significant association between DM and colon (but not rectal) cancer among men; however, after excluding cases that occurred in the first 5 years of follow-up, results were no longer significant [36] . To our knowledge, this is the first study to find an inverse association between T2DM and rectal cancer. Previous studies have found an increased risk of rectal cancer among type 2 diabetics or no association [6, 8-10, 12-15, 36] . A recent study published using data from India observed a nonsignificant increased risk of colon cancer among tobacco users and a nonsignificant decreased risk of rectal cancer [37] . Although not statistically significant and examining a different exposure, other studies also have reported conflicting results between colon and rectal cancer. Two studies have examined the association between DM and CRC in EAs and AAs [28, 31] . Vinikoor et al. [31] found a significantly higher likelihood of rectal cancer among diabetics compared to non-diabetics in EAs, but no association for colon cancer. Also, no association was observed among AAs for colon or rectal cancer. Results using data from the Multiethnic Cohort Study [28] suggested increased risk of CRC among those with DM, with no difference in the strength of the association between EAs and AAs (&16 % increase for both), and a significant increased risk of distal colon cancer in AAs (RR = 1.38; 1.01, 1.89). Both of these studies [28, 31] relied on DM status based on self-report, which would tend to bias results toward the null [38] .
In our study, the associations between T2DM and CRC, colon cancer, and proximal colon cancer were higher among AAs. Estimates among EAs were smaller and not statistically significant, and the interaction by race was not statistically significant. In the multinomial logistic regression results, we found T2DM to increase the likelihood of in situ and localized colon cancer, proximal colon cancer, and distal colon cancer, but no increased likelihood was observed with increasing cancer stage. If studies differ in severity of CRCs (e.g., with differences in patterns of screening), results in the strength of the association between T2DM and CRC also may differ. Potential reasons for the differences in the results between studies looking at the association between T2DM and CRC could be due to differences by racial group, severity of cancer, reliance on self-reported diabetes status (vs. medical records), and inability to statistically evaluate subsites of the colon and rectum, or some combination of these. Another explanation for differences between studies may be the severity of the cancer. Also, conflicting results may be attributed to the inability to assess the association between T2DM and subsites of the colon and rectum. In 2009, Li and Lai [39] proposed that CRC should be sub-divided into three distinct sections, proximal colon cancer, distal colon cancer, and rectal cancer. The authors state that this distinction is important given the heterogeneity that exists in physiology, exposure to carcinogens, genetic mechanisms, and prognosis [39] .
Strengths and weaknesses
The current study has a number of unique attributes that set it apart from the few other studies that have addressed CRC in diabetics. Our sample population is restricted to Medicaid beneficiaries which somewhat limits the generalizability of the findings. Our goal was to examine these relationships in a population at high risk of both T2DM and CRC. Also, restricting this to Medicaid beneficiaries would (1) blunt the influence of economic status, a common confounder in racial comparisons, (2) expand the research by including people who are grossly underrepresented in existing cohorts, and (3) eliminate reliance on our collecting income-related data, which are notoriously difficult to collect with accuracy (instead relying on Medicaid income eligibility). However, we also recognize that Medicaid-eligible individuals may differ in important ways from those covered by private or other health insurance. Another limitation in using Medicaid claims data is the inconsistency in coverage eligibility. Individuals may go in and out of Medicaid eligibility throughout their lifetime or may be eligible for only a short period of time. This may lead to missing T2DM diagnoses if individuals were diagnosed when they were not covered by Medicaid. To reduce the potential for this misclassification of T2DM exposure, the study population was limited to individuals covered for at least 12 months between 1 January 1990 and 31 December 1995. Related to this is the potential that many of the cases of T2DM identified in this study may have a more severe disease. Individuals with more severe diabetes would visit health care institutions more frequently and, as a result, have a higher likelihood of being classified with T2DM using the methods implemented in this study. This may bias results away from the null if the risk of CRC is greater with increased T2DM severity. Thus, it also may be possible that there was an ascertainment bias in terms of CRC stage at diagnosis, which results from individuals with T2DM being more likely to be followed; thus, more likely to be screened and detected earlier (i.e., more likely to be screened or to catch early symptomology) in the natural history of their CRC.
T2DM status was determined between 1 January 1990 and 31 December 1995, but not during the period in which CRC status was captured. It is possible that individuals were diagnosed after 31 December 1995. In this sample, the prevalence of T2DM, as estimated by claims data, was 6.5 %, somewhat lower than what would be expected in a population of this age. It is possible that, due to the limitation mentioned above, a number of individuals with T2DM were misclassified as T2DM free. If there is an increased risk of CRC among type 2 diabetics, then results would be biased toward the null. Due to the nature of these publicly available data, important information on potential confounders, such as CRC screening, certain aspects of diet, obesity, smoking, and lack of physical activity, was unavailable. Controlling for these factors could potentially explain some of the observed association between T2DM and CRC, since T2DM is positively associated with obesity, physical inactivity, and certain aspects of diet [40] . As a counterpoint to this limitation, it is important to note that T2DM is a strongly proinflammatory condition [41, 42] and can be measured with much greater accuracy than diet. It also is important to note that we and others have used this methodology with great success [43] [44] [45] -notwithstanding that it provides us with data on a high-risk population that is normally neglected in medical research. Power calculations identifying the effect size needed to have 80 % power revealed adequate power for the association observed for overall colon cancer and rectal cancer, but also revealed insufficient power among the stratified analyses, and overall proximal and distal colon cancer. One other limitation to mention is the number of records with inconsistent race/ethnicity coding between the Medicaid and SCCCR data. Among CRC cases that linked to Medicaid records, before exclusion criteria were imposed, 12.9 % had discrepancies in race. It is important to note that while in Medicaid claims data, for which the primary purpose is reimbursement, race is an extremely low priority, the cancer registry (SCCCR) has stringent QA/QC measures to ensure accurate data collection on race (and all other required data fields).
In addition to the strengths noted above, using Medicaid claims data allowed for a large sample size, which in turn enabled assessment of the association between T2DM and subsites of the colon and rectum. Also, demographics in South Carolina (i.e., about 30 % AA) allowed for assessing differences in these associations by race in a population whose eligibility was determined by income, a potentially important confounder in most studies on this subject. Using Medicaid claims data provides an opportunity to assess relationships in hard-to-reach, underserved populations, who tend to have the most extreme health disparities. We were also able to obtain DM status from medical records, not self-reports as in other studies on this subject [28, 31] . Results from this study can be replicated in any state or territory with Medicaid and cancer registry data. Publications based on public-access data will increase familiarity with their use. This could allow for the very efficient use of these publicly available datasets as a way to create prospective follow-up studies. As most existing cohorts focus mainly on more affluent, well-educated individuals [24, 46] who tend to be at lower risk of CRC, this also would help to address racial and socioeconomic status-related disparities.
Conclusions
Our results provide additional evidence of an increased likelihood of CRC, specifically colon cancer, among individuals with T2DM. Also, these results suggest that this association may be stronger among AAs. This is important because AAs are twice as likely to be diagnosed with T2DM compared to EAs [1] . Also, AAs in South Carolina are generally economically deprived relative to EAs [16, 17] and account for a large proportion of rural residents [17, [47] [48] [49] . One explanation for the difference in the association between EAs and AAs may be differences in the control of blood glucose levels between the two racial groups. Previous studies that examined the rates of self monitoring of blood glucose among diabetics have found lower rates of checking among AAs compared to EAs [50] . If glucose among type 2 diabetics is controlled, this may limit the damage that increases the risk of CRC. However, if not controlled, damaging effects of T2DM may increase the risk of CRC.
Future studies are needed to confirm our findings of differential associations between T2DM and CRC by race. Etiologic reasons for different associations by race and subsite need to be identified. If confirmed, interventions aimed at diabetes prevention or control may also have a beneficial effect on CRC, particularly among AAs.
